Let X be a continuum. Let 2X (resp., C(X)) be the space of all nonempty closed subsets (resp., subcontinua) of X . In this paper we prove that if X is an arc-smooth continuum, then there exists an admissible Whitney map p: 2X -> R such that ¡i\C{X): C{X) -» R is admissible and for every t e (0, p{X)), p~X{t) and (p\C(X))~l(t) are arc-smooth. This answers a question by J. T. Goodykoontz, Jr. Also we give an example of a contractible continuum X such that, for every Whitney map v. C(X) -» R there exists te(0,u{X)) suchthat u~l(t) is not contractible.
Introduction
A continuum is a nondegenerate compact connected metric space. The hyperspaces of a continuum X are the spaces 2X = {A c X: A is nonempty and closed in X} and C(X) -{A G 2X : A is connected} metrized with the Hausdorff metric H. We identify {{x}: x G X} c C(X) c 2X with X. A Whitney map for a hyperspace St of X is a continuous function p : A%A -> R (R is the real line) such that p({x}) = 0 for each x G X and if A c B ^ A , then p(A) < p(B). If p is a Whitney map for C(X) and 0 < t < p(X), then p~](t) is called a Whitney level; if 0 < t < p(X), then ¿i-(/) is called a positive Whitney level. A topological property P is called a Whitney property provided that whenever a continuum X has property P, so does p~l(t) for each Whitney map for C(X) and 0 < t < p(X). A Whitney map p is called an admissible Whitney map for %A [4] (The arc a(y) will be denoted by [p, y] ).
In [5] , J. Krasinkiewicz and S. B. Nadler, Jr. asked whether contractibility is a Whitney property. This question was answered negatively by A. Petrus in [7] . She showed that if X is a 2-cell, then it is possible to define a Whitney map p: C(X) -* R such that for certain t G (0, p(X)), p~l(t) is not contractible. Since arc-smoothness is a special type of contractibility, this example also showed that arc-smoothness is not a Whitney property. In [3] , J. T. Goodykoontz, Jr. extended a previous result by Petrus giving sufficient conditions for a Whitney map to have contractible Whitney levels, and he posed the following question: Let X be an arc-smooth continuum. Does there exist some Whitney map p for C(X) such that for each t G (0, p(X)), p~ (t) is arc-smooth?
In this paper we answer this question affirmatively by proving that if X is an arc-smooth continuum, then there exists a Whitney map p : 2X -* R such that p~l(t) and (p\C(X))~l(t) are arc-smooth continua for every t G (0, p(X)), and p and p\C(X) are admissible. Then arc-smoothness is a sufficient condition for C(X) and 2X to have admissible Whitney maps (compare with [3, 2.13,2.14, 2.15, and 2.16]).
In the second part of this paper we show that an analogous construction changing arc-smoothness to contractibility is not possible. We give an example of a contractible continuum X such that if o : C(X) -► R is a Whitney map, then there exists t G (0, o(X)) such that v~l(t) is not contractible.
Construction of p
Throughout this section we suppose that X is arc-smooth at p. Then [2, Theorem 1-4-A] X admits a metric d which is radially convex at p (that means that whenever x, y G X and
We suppose that sup{d(p, x): x G X} = I . Let / denote the unit interval
We consider the map hd:
This map has the following properties:
For each x g X and s, t G I, hd(hd(x, s), t) = hd(x, {maxs, /}).
Define G: 2X x I ^ 2X by G(A, t) = {hd(a, t): a G A} = hd(Ax {t}).
The following lemma is easy to prove. , 1 -1(B) )), we have that f¡Z¡{¿¡ o(G(B, t))dt > 0.
Therefore p(B) > p(A). Hence p is a Whitney map. (b) Let 5 < r. Property 1.2(b) implies that r < 1 -l(G(A,s)). Then Property 1.1(d) implies that p(G(A,r)) = ¡X_¡(G(A r))G(A, t)dt.
Thus, by A, s) ) for every s G I, p\C(X) satisfies the hypothesis of Theorem 5.2 in [3] . Then (p\C(X))~ is arc-smooth for all t G (0, p(X)). It is easy to check that Theorem 5.2 in [3] also holds, changing C(X) to 2X . So p~\t) is arc-smooth for all tG(0,p(X)).
1.2(c) we have p(G(A , 5)) > p(G(A , #■)). (c) Since p(A) = p(G(A, 0)) > p(G(
(d) Define F: 2X x I -+ 2X by F(A, t) = G(A, tl(A) + 1 -1(A)). Then F is continuous, F(A, 0) = A and F(A, 1) = {p} for each A g 2x , and F\(C(X) x I): C(X) x I -» C(X). Suppose that p (F(A, t) ) > 0 and take sG(t, 1]. Since F (A, t) ¿ {p} , we have 1(A) > 0. Set, /, = tl(A) + 1 -1(A) and sx =sl(A)+l-l(A).
Then 0<l(G(A,sx)) = 1-5, < l-tx =l(G (A, tx) ).
Since G(A, tx ) = F (A, t) has more than one point, it follows that p(F(A, t)) > p (F(A, s) ). Hence p and p\C(X) are admissible.
The example
Let R be the Euclidean 3-dimensional space. Given p, q g R3, we will denote by pq the segment joining p and q. We will prove that rQ = 50. Suppose that r0 < 50. Then there exists rx g (rQ, s0) such that L £ g(rx) and H(g(r0), g(rx)) < aJ4 (H is the Hausdorff metric for C(X)). Since p0,q0 G g(rx), then p^ G g(rx). So we assume, for example, that
